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Abstract

With continuous loss and degradation of intertidal mud flats, artificial wetlands
have become increasingly important for the conservation of shorebirds. Rice fields are
known to provide habitats for shorebirds, but there is a lack of research on upland crops.
Shallot (Allium ascalonicum) is an important upland crop in the coastal areas of Tainan,
of which Qigu is the largest producing area. The shallot fields are flooded from June to
September during the non-planting season and attract shorebirds. In this study, a
benthic macroinvertebrate survey was conducted on flooded shallot fields at Qigu to
assess the potential food resources of shorebirds. In addition, an exclosure experiment
was conducted to understand how shorebirds exploit these foods. Aquatic oligochaetes
were the most abundant benthic macroinvertebrates in flooded period. However, after
the farmers used tea seed meal to kill Pomacea canaliculata, the density of aquatic
oligochaetes was significantly reduced, and chironomid larva became the most
abundant group. The flooded fields were drained after mid-September. Several species
of shorebirds were attracted to fields with lower water level. Shorebirds mainly feed on
chironomid larvae and significantly reduce their density. During the 3-day exclosure
xperiment, the average density of chironomid larvae was reduced by 66%. This study
confirms that the flooded shallot fields provide suitable foraging habitats for shorebirds

during autumn migration period.

Key words: shorebirds, benthic macroinvertebrates, shallot fields, tea seed meal,

exclosure experiment
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B OH- BB EAR (Bast Asian-Australasian Flyway, EAAF)IE#E PS50 K fl i » B
N S 4 PE R » SR 9 REHUBHEGR Z — < #FZ 0% EAAF BHERYRE B (shorebirds) » JERE
= 2R B TEEBEEAWNebel ef al. 2008, Amano et al. 2010; Minton ef al. 2012) © #5EfEH
R Y RS R R BT % B IR T A A (Piersma et al. 2016; Studds et
al. 2017) - BRudfEHhE RRGASE - TR RIE 20 ] - JLEE K A e
HEREE 1980s SRRV 0.82 % (Murray and Fuller 2015) o JE4h > £EREBALEECEFHEE
BT FHEAARSRRE A SR g RIS - R BRSO AR 2 (Iwamura et al. 2013) ©

EEIFE EAAF UL BEF B /K S AR K S A - ZVE AN R R R T
[ e R BT A R - EVE PSRRI EAE 1928 A2 2016 A » JBD 1749 59% (FR
SEEIRANGER) © [EAh - =08 BIHAT R E 5 (Lin ef al. 2016)EL#Z 2004 4k 2016 &K} -
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RUNEERM BB YRR LT - 2B BT E S TEER - SRR - RNEHTF 11

[T ZNEE RN BT DRVIE DL - A BRI K SRS IR H i 2 EIE R - [RIEN
& A EREEEF > B Strum er al 2013; Sesser er al. 2016) ~ Bi H (Masero 2003;
Sripanomyom et al. 2011; Dias et al. 2014) /KB E M (Chot ef al 2014; Basso et al. 2017)F A
Ryl AR AL T /K S AT AR RV E » PR B ZURIE DT RV T - SR tst i R S A
H/KFEHE A M S Zi5E(Masero efal. 2011; Norling ef al. 2012; Dias et al. 2014; Nam et al. 2015;
Golet et aZ 2018) » HEA RS FIHREHAVWIFRED  RELAHITE 2 EHY EEEH
ETHRE - DT REIEHEIRT E KN EH 2 S EKERE A EHBIEE -

IR EARF N T BESRS AN B 2020 FEAE 2R R A EAE S R
340 ha » By tHER EEEAEYETY « R 2 2 B R A I R KAV TR & - H Ky
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HATEMEARAE - 6 H 2 1ePe@Ebin & /KR 2 N AEEFEYIRT - EERFRE/KENZ
SR IR 1 TR - /K F R E R SR K BN E A IR K o
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BRI MEEREE DL log (x+1) #H1% » DALEREST 937 (Principal components
analysis; PCA)/3 7 E 0 ABARAIA FEZOMYE /K W& 2 R RS B2 2
AT S A EREEIA T (E Ryl Bl 14 5 & (supplementary variables) - b5 5HREE/KHEIHY
Bray-Curtis FELLPERERE - 36 LIFEDE 53 Hr(analysis of similarities, ANOSIM)#gE Wi ¥ 1Y%
REVEA MR R A BE S - B AR > 20 Mann-Whitney U test PR HHERRE
EIH R AL A BRI A G 250K R A B 2 5 - R B AET E T =
RSB ERBRE 2 SRREHFE -

PA paired t-test 73 HIIELEBLE N S @GS NI » SRR I s e B S E N B E
SRBHIGRIBISE R B S ABE AR -

LA Spearman's rank correlation 73478 /KI&E FHIE AR ENY) & & BLE S0 = H S 2
LR - ST RRAB R R i H 2 1 -

{5/ R 3.6.0 BRESHELTHEaT 70T = LA vegan EFH#ETT PCA J& ANOSIM 7347 DA stats &
{#3#E1T Mann-Whitney U test ~ paired t-test ~ Spearman's rank correlation 434t °

CE S

— ~ EAHE R A A R

8 B /K IR 2,130 SRBERAYRAHEENY) - 2SR R HEEAS IR 42.35% 1Y
KA EEHH (Oligochaeta) ~ 29.01% Y5 4 &5 (Chironomidlarva) ~ 22.68%H57 1245 (Ostracoda)
Je 3.19% {7k & (Notonectidae) © FESMIER B FItR S5 (Pomacea canaliculata) ~ 2781 &
(Eocyzicus taiwanensis) ~ & F+(Hydrophilidae) Z4//fE -

K 3 R E IS 2SR I AR » B PCA 3 ir4S SR B8R L R AV FH AT A
HREE T IOWET » DA S Aok K EE R KA T REERD - I pH Him - B
JHE A (B 2) > W& 2 1EAHRA(Spearman Rank correlation, p=0.05) © BL ANOSIM 4 H
FE HAY R KA B B4 R - 5 RBURRIE B A BE 72 2 R=0.964, p =0.001,
number of permutations=9,999) o

HE— TR - KB BBERIIA A &R 7,913 5,896 ind. m” B =
FAEIIARTH 594 £ 441 ind. m” (p=0.029, 1) 5 /MM ~ I E KK ERY 2 R R
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BERRERD -

— - BHEER

HETEMEER 3 EEEEH T Fi s I NI SN E % Ry 1,735 1,714 ind.
m” BRI EERAT 5,106 £2,578 ind. m” (p=0.026, 3 2) » EERHAM FIERK/D 1,123 £318
ind. m” - {HELENFELLEHF LN EERR4,401 £ 3,098 ind. m”)EBLEAE%(5,659 + 2,827 ind.
m’) AR 22 5 (p=0.169, % 2) « HER/KAETEM - /ME RGN
WNIEEERRT A S MAE 2 (R 2) - &F REFREUREDS T EM e B R i - WH
ERCOEIGEREEE 1 3 RIVE R HE4TRED 66.0% - BRI  SXHEENREER
FESE5 B 292 184 ind. ha' °

= JEREARAEA BN B R S R A

BT 5 (EKAL EREAEKHFEERR - B8 UREDER(Calidrs subminuta) ~ [EYEAS
(Tringa glareola) ~ /NERSEIE(Charadrius dubius) ~ =B Himantopus himantopus) A E =8I 2% (F2
3) o iR S E R R A A Y B H SR REUR - R R A B SR Bl
5 A B K % T & A B (Spearman Rank correlation, p= 0.285) » {E &84 &% LR
HH > FERERHR KN FEETEEE 3) - /W7 2 1EAHE (Spearman Rank correlation, p=

0.037) -

OE
doo LA AtESRR - i A EM el LR - (A ERLE

iR — IR HAEAEYIIEL - IR (Jiang ef al 2018) T 25K Y B R ZEHUR BHR(Lymnaea
stagnalis)d) - E B e & (LDso) £y 2.23 (mg/L) > Wit 7K 2B M0 ( Tubifex tubifex~ Lumbriculus
variegatus) By 2.77 K 1.95 (mg/L) » B 4h#5( Chironomus riparius) Al B 104 (mg/L) » AHFZEH
KAEFBHFEEFCIIAEZANH R EZENARINAEGR 1) - B i 2 E Al
HEE 2 - LR AR SR L i S s - o OR B B ROK A BB AR S HE3E T
I e A AR S Y21 -
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W st BN BT pH (HEURRFEERYD(E 2) - pH ERIATREZ 21 A S5
2 MRIBIE S AoRE /K o 23 EE 1 (Chang and Yeh 2014) » R4 &4 /K FHEY pH
B -

it Y E ZRAE R SRR b R 4R ¥ U BAR & R Roy etal 1990) -
AT SRR T AL B A & OB H P 3 A 20 o E R R F A
(Oreochromishybrids)~ 4B Clarias sp.) ~ S Carassius auratus auratus)~ & (Hemiculter leucisculus)
= EE PR (Rhinogobius formosanus)% -

A 7K HH R Y BB HH B EF 25 JK HH W 9T AH DL (Taft and Haig 2005; Kasamesiri and
Thaimuangphol 2019) » DUKAEFE BB AR ESHEE AR EEY - 2 THHERIRRS
LS AL A PR ERSIR - ZIRBERFAPIPRZ H T RUK - BB SRR H KRR AL Ny
BERRHELT - KAEFEBARECEE M ARRIET » HIg)a il R EFANEERCGR 2) -
LA a7 8 MR E N R B BdS R B TR (E R BEA RS R B BRAT 12 Al
HE AR - SRR MRS s 2 R ) A RPERNS T e B e s
{EZEFAK - ARE EE A8 MEL L) &k DAY T REIR R 7 2l | -

A NN EEEENYR D - A AR R A S LMY R E i B i & (Quammev 1984) © 1]
WHERIRETR ~ BOE  ERER R E R S e SR RS YR )
(Sarda er al. 1998; Thrush 1999; Silva et al. 2020) = {HAWFFL & Emiia /K H B E A S FOE R
FURRESLT - NI MER &k VAT HRR s & -

It o RE R Ry PHE R kR R D - (B # A R E e UL - A imEdEs b a4
PRI AN S A MERZ BV - (HAR BN A SB S  NERRIRI S =R -
R EL B 45 MRS a2 R D A HER R RS PU B R -

EHEEYIEREN ~ SN et B E Badi R A ] RE N F (Quammev 1981; Thrush
et al. 1994; Sewell 1996) - NILEEHSMELLIEAYECD - AIRE R HAEBMENBBIATEL - St
BGeast » THEIE AN AV AEDEE IEZ I - (H AT EAN IR L& - BT
‘ILHBE AR - NIIHEDA @ E A RETERENER - &G Lill - aJHElEYEIMELL
ZhERi BV TEE R B RIS -

AW FeHEL shER R S H R E B S AIRE RN H A B R H T R (B REE
BEEHEBIY) - TFEIE U S PRI & P & 5 (Davis and Smith 2001; Hamer et al. 2006) »
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B s E B p R 4 & HEBNRE sty b EESHan S aVHEE
(Székely and Bamberger 1992; Sanchez et al. 2006; Eldridge ef al. 2009; Pedro and Ramos 2009; Ueng
etal. 2009) - ft4h - AETHFLIE 1R SR DAESCE G H 2ha M e BIE A 2 EE
B HEEEE(Mitchell and Grubaugh 2005; Smith ef al. 2012) o AWFZE4E S E B 25 5 Bl f#
KRBV A MEEN YR A8 % T SR AR - (H BRI e S = B EAHRE - RS TR
fRiFIH B L LER -

AKEBEH T /KAEZ R - /P - (DABRAR mEEI NN - HE SR ERAR
fEE R BURHZ R R R BRI - HIRE RS e AR 2 (Smith ef al 2012;
Nam and Kim 2017) » ;EEERHE R ST EE S o RU5E R IKIERR B M EE T
EREREREE 0 R ESH e - (HRESEEE s - oA~ g 4 Bk
KV » BB ARG A EEEE R -

KIAFTEGEI MR s Z T 3 RAVERRIFR a4 T 66.0% » BREZRES
HF B BE IR K - BE B T 0K OB HE SRS nl g s B B B 0 R A 2 —(Hamer et al. 2006) ©
B0 i i B KB ] 43 By Wi $E (Skagen and Knopf 1994) - ELE (S B HF e £ DU TRE 4/
T RIS (staging site) > DA RTET{E BEHY AR (K E M (stopover site) © Hamer ef /. (2006)
Ry AT IR R S TV E RS HEE A GEEMEEAERR SR FERE
BHEA MBI N 2 5 B a 88/ (Wilson 1991; Ashley er a/. 2000; Mitchell and Grubaugh
2005) - HHEHY - AT E BRI POESER] . F R e B R AR Ry — Lk
STE RIS - B FRECA BRI REAME R A By B M -

FEENHEETEZEMeBR NWEERR - Bt SR EAEE KR
HZHIR BRI TRR - A% 5 (BT B 0V ETEH &8k 2R SRR = B/ 74-1,537
ind. ha' » SN ERHAYFHREIFZE (Mitchell and Grubaugh 2005; Hamer et a/. 2006; Sanchez
and Green 2006 ) °

FETHE FH e = Y R S B T T RE BT B RS R M /K AILIRREA A  Ferreira eral (2005)F5H
KB EREEEE e EEEERSERIIANE Y — - BIE ARSI EEEHY £
BENRE N Ry gt R AEFRMILAVER - TS AIRAITELYA 4,852 ha  fFAIR/KAL T
IFREIR S [ 2 R S AR E B (Rocha er al 2017) - CRSCHEETEM/KAL T AR R Ry 4
FHy 11-1 B 3 B H AN EEEPT S 10-11 5 (Huang and Hsueh 2014) © PR
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80 FIHAR » FUB SRR KA e EERAE
B T A -

BT RERR B AE(B/K A Y REEE FH S A TRAY

JF

BmBER

AR B PUK AR B Ry i (B RE A  fEEhy) - (EAERHERT R R R T
R EFIRMERGE 2% - KEFBEEEE N - B e Ry (EESAVIRERE -

AZKHYEEERTY 9 H PG EEHKEFIHE KA RAVERRS | T RGBSR
BAEKE & - B EREEREN R RN a5 X2 a5 WEEE R D RS
B 3 REVE BRI PR D T 66.0% ©

AWTFEEEE 1 AKEEE RS Y - R ROKAAIRIE T - st ftbomss
FEREZENRYIAR - CRIEHHHIFHHEREKEREL > $KEBIRE R IEmE -

AR RS RAE &R - DUBREATE/KITE 7-8 HP9/KZE## 10 cm » A
BB - R AR S B S VB R A S8 > AR N R B
H o BRI R R - 1 8 AR EEEG R R A RIRE - HlE 1 4R 5
T RAEZKALIRRE(< 5 cm) » Z A& FHREZKALFE S 2 IRASE 12 8 HERRE /KRR TRt RS
A FHRIIRFFEISN > RERF i AR BERE S M - A/ KH Pt A B S E R SR - B
EHKALFRE - FHEIREA S0E & R EE A AR RRTAE

B
AT TE b RS R e R A BT Or E h OR BHAE B S - R A rfu O et
Fer LSRR A BB N ~ ZECEeE ~ SR A MR TS BN SN A TR
DUR A A RESH AR B/ N B BB ER SRR A -
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Table 1. Density comparison (ind. m2) of dominant benthic macroinvertebrate groups in

flooded shallot fields with and without tea seed meal

Mean density Mean density
Taxa (without tea (with tea w P
seed meal) seed meal)
aquatic Oligochaeta 7,913 £ 5,896 594 + 441 16 0.029
Chironomid larva 3,226 + 1,655 2,965 + 1,393 7 0.886
Ostracoda 4,046 + 3,626 509 + 591 14 0.114
Notonectidae 478 + 340 363 + 302 9 0.770
Mann-Whitney U-Test
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Table 2. Density comparison (ind. m) of dominant benthic macroinvertebrate groups
before and after exclosure experiment in 3 flooded shallot fields (the duration

of the experiment is 3 days)

Mean density

Mean density

Taxa (before) (after) tvalue P
Aquatic Oligochaeta
open area 1,534 + 1,450 956 + 740 0.581 0.62
exclosure cage 2,188 + 2,302 981 + 795 0.85 0.485
Chironomid larva
open area 5,106 + 2,578 1,735+1,714 6.11 0.026
exclosure cage 4,401 + 3,098 5,659 + 2,827 -2.115 0.169
Ostracoda
open area 629 + 535 1,006 + 884 -0.63 0.573
exclosure cage 755+ 671 664 + 692 0.693 0.56
Notonectidae
open area 679+ 1,048 00 1.122 0.378
exclosure cage 101 + 115 302 +272 -2 0.184

paired t-test
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Table 3. Maximum number of different shorebird species recorded in five flooded
shallot fields with lower water level

Scientific Name Common Name  Stl St2 St3 St4 St5
Calidris subminuta £ Rt % 38 57 50 11 19 536
Tringa glareola Fraif 75 50 1 11
Charadrius dubius °| 5 H 18 37 19 8 36
Himantopus himantopus & BEfE 10 13 1 63
Tringa stagnatilis |5 B3 19 22 6
Calidris ruficollis 299 % 38 1 2 3 8 12
Charadrius alexandrinus % = % 5p (8 1 9 3 1 1
Tringa nebularia IR

Calidris temminckii £ %38 1
Recurvirostra avosetta KW g 1

Calidris alpina 2 ¥ %38 1

Calidris falcinellus T8 1

«Legent
== Agriculture fields
*{mm Study site

#= Fish ponds

i 0 250 500 m
| I

Bl 1. A7 5 5 2yt ) o

Fig. 1. Map of the study site.
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Fig. 2. Triplot of PCA results showing the association between sample site and
environmental variables on the dominant benthic macroinvertebrate groups
composition in 8 flooded shallot fields. Red arrows represent benthic
macroinvertebrate groups. Blue arrows represent the environmental variables.
Green points represent flooded shallot fields without tea seed meal. Orange
points represent flooded shallot fields with tea seed meal.
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Fig. 3. Display the relationship between chironomid larva density and maximum
shorebird density in five flooded shallot fields with shallow water.
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